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IMPORTANCE Acute isovolemic anemia occurs when blood loss is replaced with fluid. It is
often observed after surgery and negatively influences short-term and long-term outcomes.

OBJECTIVE To evaluate the efficacy and safety of ferric carboxymaltose to treat acute
isovolemic anemia following gastrectomy.

DESIGN, SETTING, AND PARTICIPANTS The FAIRY trial was a patient-blinded, randomized, phase
3, placebo-controlled, 12-week study conducted between February 4, 2013, and December 15,
2015, in 7 centers across the Republic of Korea. Patients with a serum hemoglobin level of 7 g/dL
to less than 10 g/dL at 5 to 7 days following radical gastrectomy were included.

INTERVENTIONS Patients were randomized to receive a 1-time or 2-time injection of 500 mg
or 1000 mg of ferric carboxymaltose according to body weight (ferric carboxymaltose group,
228 patients) or normal saline (placebo group, 226 patients).

MAIN OUTCOMES AND MEASURES Theprimaryendpointwasthenumberofhemoglobinresponders,
defined as a hemoglobin increase of 2 g/dL or more from baseline, a hemoglobin level of 11 g/dL
or more, or both at week 12. Secondary end points included changes in hemoglobin, ferritin,
and transferrin saturation levels over time, percentage of patients requiring alternative anemia
management (oral iron, transfusion, or both), and quality of life at weeks 3 and 12.

RESULTS Among 454 patients who were randomized (mean age, 61.1 years; women, 54.8%;
mean baseline hemoglobin level, 9.1 g/dL), 96.3% completed the trial. At week 12, the number of
hemoglobin responders was significantly greater for ferric carboxymaltose vs placebo. Compared
with the placebo group, patients in the ferric carboxymaltose group experienced significantly
greater improvements in serum ferritin level and transferrin saturation level; but there were no
significant differences in quality of life. Patients in the ferric carboxymaltose group required less
alternative anemia management than patients in the placebo group. The total rate of adverse
events was higher in the ferric carboxymaltose group than the placebo group, but no severe
adverse events were reported in either group.

Outcomes at Week 12 Ferric Carboxymaltose Placebo
Absolute Difference
(95% CI) P Value

Hemoglobin responders, No. (%) 200 (92.2) 115 (54.0) 38.2 (33.6-42.8) .001

Serum ferritin level, ng/mL 233.3 53.4 179.9 (150.2-209.5) .001

Transferrin saturation level, % 35.0 19.3 15.7 (13.1-18.3) .001

Alternative anemia management, % 1.4 6.9 5.5 (3.3-7.6) .006

Adverse event rate, No. (%) 15 (6.8) 1 (0.4)

CONCLUSION AND RELEVANCE Among adults with isovolemic anemia following radical
gastrectomy, the use of ferric carboxymaltose compared with placebo was more likely to
result in improved hemoglobin response at 12 weeks.
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P erioperative anemia occurs in 25% to 75% of patients
with cancer, and the prevalence of anemia in the im-
mediate postoperative period after major surgery is as

high as 90%.1,2 Postoperative acute isovolemic anemia, which
results from operation-related or trauma-related blood loss,
can adversely affect recovery and quality of life (QOL) by sub-
tly slowing reaction time, deteriorating memory, and decreas-
ing energy levels.3,4 Patients with gastric cancer who un-
dergo gastrectomy are particularly affected by acute isovolemic
anemia because of their decreased ability to absorb iron.5 Some
patients are unable to recover depleted iron stores and de-
velop chronic anemia as a sequel to acute isovolemic anemia.6

Moreover, a study found that anemia was the strongest prog-
nostic factor for lower survival rates compared with those of
patients with regular hemoglobin levels.7

Despite the high prevalence and poor outcome of ane-
mia, blood management has been overlooked due to 2 main
reasons. First, oral iron supplementation immediately after gas-
trectomy can aggravate gastrointestinal dysfunction, leading
to the decision to wait for spontaneous recovery. Second, the
controversial practice of blood transfusion is widespread and
frequently part of the standard of care for patients with
anemia,3,8 despite its demonstrated inability to replenish iron
stores9 and emerging status as an independent risk factor for
complications and poor survival outcomes.10,11

A previous retrospective study suggested that a greater pro-
portion of patients treated with ferric carboxymaltose, a dextran-
free intravenous iron complex, experienced an effective rever-
sal of acute isovolemic anemia compared with no treatment.6

Compared with oral iron, a high-dose infusion of iron is also as-
sociated with faster and higher replenishment of depleted he-
moglobin and iron levels and is not associated with serious gas-
trointestinal adverse events.12 To our knowledge, however, no
randomized trials have confirmed this observation.

The Ferric Carboxymaltose for Acute Isovolemic Anemia
Following Gastrectomy (FAIRY) randomized clinical trial was
therefore designed to evaluate the efficacy of intravenous fer-
ric carboxymaltose for the treatment of acute isovolemic ane-
mia following gastrectomy for gastric cancer.

Methods
Study Design
This was a multicenter, randomized, patient-blinded, placebo-
controlled, phase 3 study conducted at 7 major institutions in
the Republic of Korea. The study design has been published
previously,13 and the protocol was approved by the institu-
tional review board of the National Cancer Center, Korea, on
November 7, 2012 (NCCCTS-12-644) (Supplement 1). The sta-
tistical analysis plan is available in Supplement 2. Each par-
ticipating center obtained committee approval. The National
Cancer Center was responsible for on-site monitoring of the
study locations to verify the accuracy of the acquired data and
examine whether the study protocol followed regulations.
Signed consent forms were obtained from all participants.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, the International Confer-

ence on Harmonisation of Technical Requirements for Regis-
tration of Pharmaceuticals for Human Use Good Clinical Practice
guidelines, and local and national regulations. An indepen-
dent data and safety monitoring board reviewed the safety data.

Patients
Patients 20 years or older with acute isovolemic anemia (he-
moglobin level, ≥7-<10 g/dL) at 5 to 7 days after gastrectomy for
gastric cancer were eligible for this study. The indicated hemo-
globin range was used to assess for moderate anemia.14 Guide-
lines indicate a need for transfusion if hemoglobin levels fall
below 7 g/dL.15 Levels more than 10 g/dL to 12 g/dL or 13 g/dL
indicate mild anemia, which does not justify the use of intra-
venous iron. Patients were excluded from the study if they
had the following: concurrent medical condition(s) that would
prevent adherence or jeopardize their health; hypersensitivity
to any component of the formulation; active severe infection
or inflammation; receipt of transfusion, erythropoietin-
stimulating agent, or more than 500 mg of intravenous iron
within 4 weeks prior to screening; history of acquired iron over-
load, pregnancy or lactation, decreased renal function (de-
fined as creatinine clearance of <50 mL/min calculated accord-
ing to Cockcroft–Gault [to convert creatinine to μmol/L, multiply
by 88.4]); chronic liver disease or increase in liver enzymes (ala-
nine and aspartate aminotransferase) more than 3 times the up-
per limit of the normal range; American Society of Anesthesi-
ology score of more than 3, Eastern Cooperative Oncology Group
performance status score of more than 1; or participation in any
other interventional study within 1 month prior to screening.

Randomization and Masking
Patients were stratified at each study site during randomiza-
tion based on their clinical stage of gastric cancer (according to
the American Joint Commission on Cancer tumor-node-
metastasis [TNM] system): stage I (does not require adjuvant
chemotherapy after gastrectomy) and stages II through IV
(requires adjuvant or palliative chemotherapy after gastrec-
tomy). Group allocation was randomly assigned (1:1) by a data
management system (Velos eResearch, Velos). A random per-
mutation method with block sizes 2, 4, and 6 were used. The
randomized patients were blinded to their group allocation to
minimize reporting bias for the QOL assessments. The intrave-
nous line was covered with black vinyl to ensure patient blind-
ing, and the placebo was administered over the equivalent

Key Points
Question Does administration of ferric carboxymaltose
effectively improve hemoglobin response in patients presenting
with acute isovolemic anemia following gastrectomy?

Findings In this randomized clinical trial of 454 adults, the use of
ferric carboxymaltose compared with placebo was significantly
more likely to result in an effective hemoglobin response (92.2%
vs 54.0%).

Meaning In patients presenting with acute isovolemic anemia
after gastrectomy, administration of ferric carboxymaltose may
improve hemoglobin response.
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period. The care of patients was standardized between the 2
groups, apart from the delivered treatment. All patients were
informed about the trial by the study investigator or an autho-
rized associate.

Procedures
The experimental group received ferric carboxymaltose
(1000 mg for a body weight of ≥50 kg or 500 mg for a body
weight of <50 kg), and the placebo group received normal sa-
line (0.9% sodium chloride solution; 200 mL for a body weight
of ≥50 kg or 100 mL for a body weight of <50 kg). The 2 cat-
egorized dosages were based on manufacturer’s instructions
and a previous trial indicating its support of fixed, weight-
based dosing compared with the Ganzoni-calculated regimen.16

Patients with a serum ferritin level of less than 15 ng/mL (to
convert ferritin to pmol/Lng/mL, multiply by 2.247) and a he-
moglobin level less than 10 g/dL received an additional dose
of 500 mg of ferric carboxymaltose or 100 mL of normal sa-
line (placebo) at week 3. Ferric carboxymaltose was adminis-
tered as a single intravenous drip infusion mixed with 100 mL
or 200 mL of normal saline or an undiluted bolus injection with
an administration time of 15 minutes for 1000 mg or 6 min-
utes for 500 mg.

Outcomes
The primary efficacy end point was the number of hemoglo-
bin responders by week 12. Hemoglobin responders were de-
fined as patients who achieved an increase in hemoglobin lev-
els of 2 g/dL or more14 from baseline to week 12, hemoglobin
levels of 11 g/dL or more at week 12, or both.16 Secondary ef-
ficacy end points were the percentage of patients with hemo-
globin levels of 10 g/dL or more, 11 g/dL, and 12 g/dL by weeks
3 and 12, the percentage of patients requiring alternative ane-
mia management therapy, self-reported QOL assessments at
weeks 3 and 12, and changes in hemoglobin, ferritin, and trans-
ferrin saturation (TSAT) levels over the study duration.

QOL was assessed using the European Organization for
Research and Treatment of Cancer (EORTC) Quality of Life
Questionnaire-Core 30 (QLQ-C30), version 3.0, and the gas-
tric cancer–specific module QLQ-STO2217 at baseline and weeks
3 and 12. The EORTC QLQ-C30 is a brief, validated, self-
reporting, cancer-specific measure of QOL comprised of the
following: multiple scales that evaluate physical, role, emo-
tional, cognitive, and social functioning; 1 global health status/
QOL scale; 3 symptom scales measuring fatigue, pain, and nau-
sea or vomiting; 6 single units assessing other symptoms
(dyspnea, insomnia, appetite loss, constipation, and diar-
rhea); and financial difficulties. The EORTC QLQ-STO22 is a
22-item questionnaire that incorporates 5 multi-item scales
(dysphagia, pain, reflux, eating, and anxiety) and 4 questions
covering disease, treatment-related symptoms, and specific
emotional consequences of gastric cancer. The QLQ-C30 and
QLQ-STO22 questionnaires were scored according to the
EORTC scoring manual and converted to a scale of 0 to 100;
higher scores indicated healthier functioning for functional
scales or worsening symptomatology for symptom scales. A
10-point difference in the mean score was accepted as a mini-
mal clinically important difference in health-related QOL.

Safety and tolerability were monitored throughout the
study. Stopping rules of the study medication did not apply ow-
ing to the single administration of ferric carboxymaltose. In the
potential case of hypersensitivity or anaphylactic reactions, im-
mediate interruption of infusion was mandatory. Further man-
agement was left to the discretion of the physician on duty.

Post hoc, exploratory subgroup analyses of hemoglobin re-
sponders were performed according to various clinicopatho-
logical factors relevant to changes in hemoglobin: chemo-
therapy required or not required, type of operation, serum
ferritin level less than 30 ng/mL or 30 ng/mL or more, and TSAT
less than 20% or 20% or more at week 12.

Statistical Analysis
The sample size was calculated based on a superiority design
assuming ferric carboxymaltose response (according to pri-
mary end point definition) of 75% by week 12 and a response
of 60% in the placebo group by week 12. The expected rate of
improvement for patients in the ferric carboxymaltose group
is at least 15% higher (ie, 75% hemoglobin responders) com-
pared with the placebo group. We used 15% as a minimal clini-
cally important difference due to a published document sub-
mitted for approval of ferric carboxymaltose by the US Food
and Drug Administration (FDA).18 Using these estimates, 400
patients were required to detect a significant difference at the
5% level with 90% power:

n = f(α, β) × [p1 × (100 − p1) + p2 × (100 − p2)]/(p2 − p1)2

where p1 and p2 are the percentage “success” in the pla-
cebo group (p1) and ferric carboxymaltose group (p2)
and f(α, β) = [Φ–1(α/2) + Φ–1(β)].2

To account for potential patient dropouts, the sample size
was estimated at 450 patients (225 per group). The number of
missing data was small (0.7% at week 3 and 1.8% at week 12)
and therefore excluded from analysis.19 Modified intention-
to-treat analysis, which excluded missing cases, was per-
formed with the full analysis set, which involved patients who
had results of at least 1 postbaseline hemoglobin measure-
ment among the safety set.

Baseline characteristics and iron parameters were ana-
lyzed using the Pearson χ2 test or 2-tailed Fisher exact test (pa-
tients’ age and sex, clinicopathological data, and morbidity)
and a t test (hemoglobin level before treatment and hospital
days after treatment). The z score test was used to determine
whether a significant difference existed between the 2 groups
with respect to the changes in hemoglobin level during follow-
up. Odds ratios (ORs) were derived from univariable analysis
because baseline variables were well matched, with the ex-
ception of hemoglobin. Post hoc multivariable Cox propor-
tional hazard was implemented to adjust for difference in base-
line hemoglobin values.

The linear mixed model was used to calculate the QOL dif-
ferences between the groups over time.18 Baseline scores and
the interaction between time and group were also included in
the linear mixed model. Covariables such as sex and age of pa-
tients were not included in the model as there were no differ-
ences between the 2 groups.

A post hoc t test was performed to compare effects of fer-
ric carboxymaltose vs placebo on hospital length of stay, and

Effects of Ferric Carboxymaltose On Postgastrectomy Anemia Original Investigation Research

jama.com (Reprinted) JAMA May 23/30, 2017 Volume 317, Number 20 2099

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.5703


linear mixed-effects modeling was performed with site and
stage as the random factors. χ2 and Fisher exact tests were per-
formed for subgroup analyses. Post hoc χ2 test was used to com-
pare differences in patients who received preoperative oral iron
with 4 weeks of surgery and those who did not. Rank sum tests
were conducted to evaluate variable distribution due to skew-
ing of data. All tests were 2-sided with a P value of less than
.05 for significance (MIXED procedure of the SAS program [SAS
Institute], version 14).

Results
Patient Disposition
Recruitment began on February 4, 2013, and continued through
September 21, 2015. A total of 454 patients were enrolled and
randomized to receive ferric carboxymaltose (228 patients) or
placebo (226 patients). Only 445 patients (ferric carboxymalt-
ose, 222; placebo, 223) were included in the safety analysis set
and 437 in the full analysis set (ferric carboxymaltose, 218 pa-
tients; placebo, 219 patients) (Figure 1). At baseline, the mean
age of all patients was 61.1 years, and the mean serum hemo-
globin level was 9 g/dL for the ferric carboxymaltose group and
9.2 g/dL for the placebo group (P = .01). The mean estimated
blood loss was 187 mL (SD, 175) in the ferric carboxymaltose
group and 192 mL (SD, 167) in the placebo group (P = .72)
(Table 1).

Primary End Point
Among 437 patients of the full analysis set population, the pri-
mary end point was ascertained for 430 patients with a hemo-
globin measurement at week 12 (ferric carboxymaltose group,
217 patients; placebo group, 213 patients; Figure 1). The num-
ber of hemoglobin responders at week 12 was significantly
greater in the ferric carboxymaltose group compared with the
placebo group (92.2% [200 patients] in the ferric carboxymalt-
ose group vs 54.0% [115 patients] in the placebo group; abso-
lute difference, 38.2% [95% CI, 33.6% to 42.8%]; P = .001)
(Table 2).

Secondary Efficacy End Points
For the secondary analyses, including the QOL measures, there
was no adjustment for multiple comparisons; accordingly,
these findings should be considered exploratory. The propor-
tion of patients who achieved anemia correction and im-
proved iron parameters all significantly favored ferric carboxy-
maltose at all time points (eTable 1 in Supplement 3). Compared
with the placebo group, a significantly greater proportion of
patients in the ferric carboxymaltose group obtained hemo-
globin levels of 10 g/dL or more, 11 g/dL, and 12 g/dL at week 3
(≥10 g/dL: 96.8% in the ferric carboxymaltose group vs 71.1%
in the placebo group; absolute difference, 25.7% [95% CI,
21.6%-29.8%], P = .001; 11 g/dL: 76.0% in the ferric carboxy-
maltose group vs 41.3% in the placebo group; absolute differ-
ence, 34.7% [95% CI, 30.3%-39.2%], P = .001; 12 g/dL: 35.5%
in the ferric carboxymaltose group vs 12.4% in the placebo
group; absolute difference, 23.1% [95% CI, 19.1%-27.1%],
P = .001) and week 12 (≥10 g/dL: 97.2% in the ferric carboxy-

maltose group vs 72.3% in the placebo group; absolute differ-
ence, 24.9% [95% CI, 20.8%-29.0%], P = .001; 11 g/dL: 88.0%
in the ferric carboxymaltose group vs 46.9% in the placebo
group; absolute difference, 41.1% [95% CI, 36.4%-45.7%],
P = .001; 12 g/dL: 63.6% in the ferric carboxymaltose group vs
23.0% in the placebo group; absolute difference, 40.6% [95%
CI, 35.9%-45.2%], P = .001). The difference was more than 20%
at all time points, and a nearly 3-fold increase—the greatest dif-
ference achieved—was recorded at week 12 for hemoglobin level
of 12 g/dL or more (eTable 1 in Supplement 3).

Significantly more patients in the placebo group required
alternative anemia management therapy compared with pa-
tients treated with ferric carboxymaltose (1.4% in the ferric car-
boxymaltose group vs 6.8% in the placebo group; absolute dif-
ference, 5.5%, [95% CI, 3.3%-7.6%], P = .006). eTable 2 in

Figure 1. Flow of Patients Through the Study of Ferric Carboxymaltose
for Postgastrectomy Anemia

458 Patients  with acute isovolemic anemia
at 5 to 7 days after gastrectomy for
gastric cancer assessed for eligibility

4 Excluded
1 System error a
3 Did not meet eligibility

criteria

454 Randomized

5 Did not complete study
1 Withdrew consent after

treatment
3 Lost to follow-up
1 Physician withdrew treatment

due to surgical complication 

10 Did not complete study
6 Withdrew consent after

treatment
2 Lost to follow-up
2 Violation of eligibility criteria

recognized after treatmen
(received blood transfusion
before treatment)

228 Randomized to receive ferric
carboxymaltose
110 Had TNM stage I gastric

cancer
118 Had TNM stage II, III, or IV

gastric cancer

226 Randomized to receive placebo
112 Had TNM stage I gastric

cancer
114 Had TNM stage II, III, or IV

gastric cancer

222 Included in safety analysis set b

217 Included in primary end point
analysis c

223 Included in safety analysis set b

213 Included in primary end point
analysis c

222 Received ferric carboxymaltose
6 Did not receive ferric

carboxymaltose (withdrew
consent before treatment)

223 Received placebo

2 Withdrew consent before
treatment

1 Not eligible for study
participation (received blood
transfusion before admission)

3 Did not receive placebo

TNM indicates tumor-node-metastasis.
a One systemwide test run conducted prior to randomization of first patient to

ensure functional capacity of the eVelos system.
b Safety analysis set included patients who received ferric carboxymaltose or

placebo after randomization.
c At week 12, five patients in the ferric carboxymaltose group lacked a

postbaseline hemoglobin measurement; 10 patients in the placebo group
lacked a postbaseline hemoglobin measurement.
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Supplement 3 describes the use of alternative anemia man-
agement therapy (oral iron, transfusion, or both) in the pri-
mary analysis population. No patients received erythropoiesis-
stimulating agents.

At week 3, the increase in hemoglobin levels was signifi-
cantly greater in the ferric carboxymaltose group (2.6 g/dL) than
the placebo group (1.4 g/dL; P < .001); and by week 12, the in-
crease in hemoglobin levels was faster in patients treated with
ferric carboxymaltose (3.3 g/dL) than patients treated with pla-
cebo (1.6 g/dL; P < .001) (Figure 2).

At weeks 3 and 12, significant changes in serum ferritin
levels were observed between the ferric carboxymaltose and
placebo groups. Compared with baseline, mean serum ferri-
tin levels increased in the ferric carboxymaltose group, but
decreased in the placebo group (week 3: 508.8 ng/mL in the
ferric carboxymaltose group vs 75.6 ng/mL in the placebo
group; absolute difference, 433.2 ng/mL [95% CI, 381.18-
485.25], P = .001; week 12: 233.3 ng/mL in the ferric carboxy-
maltose group vs 53.4 ng/mL in the placebo group; absolute
difference, 179.9 ng/mL [95% CI, 150.2-209.5], P = .001).

Table 1. Baseline Characteristics for Patients With Acute Isovolemic Anemia Following Gastrectomy Receiving
Ferric Carboxymaltose vs Placebo

Characteristics

No. (%)
Total
(N = 454)

Ferric Carboxymaltose
(n = 228)

Placebo,
(n = 226)

Age, mean (SD), y 61.1 (13.1) 60.9 (13.7) 61.2 (12.6)

Sex

Male 205 (45.2) 103 (45.2) 102 (45.1)

Female 249 (54.8) 125 (54.8) 124 (54.9)

Body weight, mean (SD), kg 57.8 (9.8) 57.6 (9.7) 58.1 (9.9)

Comorbidities

Diabetes 83 (29.7) 39 (29.5) 44 (29.9)

Hypertension 164 (58.8) 74 (56.1) 90 (61.2)

Tuberculosis 31 (11.1) 19 (14.4) 12 (8.2)

Chronic liver disease 1 (0.4) 0 1 (0.7)

Hematologic Values, Mean (SD)a

Preoperative hemoglobin, g/dL 11.7 (1.6) 11.6 (1.6) 11.8 (1.6)

Hemoglobin at enrollment, g/dL 9.1 (0.7) 9.0 (0.7) 9.2 (0.7)

Serum ferritin, ng/mL 126.5 (115.1) 115.9 (104.8) 137.1 (123.9)

Iron, μg/dL 24.3 (13.3) 24.6 (15.2) 24.0 (11.1)

Total iron-binding capacity, μg/dL 242.1 (57.2) 243.6 (56.2) 240.6 (58.2)

Transferrin saturation, % 10.7 (6.4) 10.8 (7.2) 10.5 (5.4)

Creatinine clearance rate, mg/dL 91.3 (33.6) 91.2 (33.4) 91.4 (33.8)

C-reactive protein, median (Q1-Q3), mg/dL 4.7 (2.6-7.8) 4.3 (2.5-7.1) 5.4 (2.8-8.2)

Surgical Operation Characteristics

Gastrectomy

Total 167 (36.8) 87 (38.2) 80 (35.4)

Partial 287 (63.2) 141 (61.8) 146 (64.6)

Surgical approach

Open gastrectomy 336 (74.0) 171 (75.0) 165 (73.0)

Laparoscopy or robot-assisted gastrectomy 118 (26.0) 57 (25.0) 61 (27.0)

Estimated blood loss, mean (SD), mL 188.1 (171.4) 186.5 (175.5) 191.5 (167.2)

Intraoperative complications

Bleeding 15 (75.0) 9 (75.0) 6 (75.0)

Other organ injury 4 (20.0) 2 (16.7) 2 (25.0)

Open conversion from laparoscopic surgery 1 (5.0) 1 (8.3) 0

Gastric Cancer Characteristics

TNM stage

Ib 222 (48.9) 110 (48.3) 112 (49.6)

II, III, or IV 232 (51.1) 118 (51.7) 114 (50.4)

Chemotherapy

None 273 (60.1) 136 (59.6) 137 (60.6)

Adjuvant 174 (38.3) 86 (37.7) 88 (38.9)

Palliative 7 (1.6) 6 (2.6) 1 (0.5)

Abbreviation: TNM,
tumor-node-metastasis.

SI conversion factors: To convert
C-reactive protein to nmol/L, multiply
by 9.524; creatinine to μmol/L,
multiply by 88.4; ferritin to
pmol/Lng/mL, multiply by 2.247; iron
and iron-binding capacity to μmol/L,
multiply by 0.179.
a Baseline hematologic values were

measured in all randomized patients
between 5 to 7 days following
gastrectomy (mean [SD]), except
preoperative hemoglobin.

b Clinical gastric tumor staging
according to the American Joint
Commission on Cancer TNM
system.
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Significant changes were also observed in transferrin
saturation levels (week 3: 29.8% in the ferric carboxymalt-
ose group vs 13.9% in the placebo group; absolute differ-
ence, 15.9% [95% CI, 14.1%-17.7%], P = .001; week 12: 35.0%
in the ferric carboxymaltose group vs 19.3% in the placebo
group; absolute difference, 15.7% [95% CI, 13.1%-18.3%],
P = .001).

QOL Assessments With EORTC QLQ-C30 and QLQ-STO22
The overall proportion of completed QOL assessments was
greater than 95% at all time points (96.9% at week 3; 95.4%
at week 12). No significant difference was observed in the
global health status/QOL scale at weeks 3 and 12. The pre-
defined 10-point minimal clinical difference was not met,
and therefore no clinical significance was observed (eTable 3
in Supplement 3).

Safety and Tolerability of Ferric Carboxymaltose
The total rate of adverse events was higher in the ferric
carboxymaltose group than the placebo group (ferric car-
boxymaltose group, 15 patients [6.8%]; placebo group, 1
patient [0.4%]). Ferric carboxymaltose–related adverse
events included injection site reactions in 5 patients (2.3%)

and urticaria in 5 patients (2.3%); all other adverse events
were reported in 1 patient in each group (0.5%) (eTable 3 in
Supplement 3). All adverse events were reported as a grade 1
severity except injection site reactions and urticaria, which
were reported as grades 1 and 2. Other reported study drug–
related adverse events included constipation, fever, head-
ache, insomnia, and phlebitis. Otherwise, ferric carboxymalt-
ose was well tolerated with no serious adverse events, such
as hypersensitivity or anaphylactic reactions (eTable 4 in
Supplement 3). No patients received an undiluted bolus
injection, and 1 patient received an additional dose of ferric
carboxymaltose at week 3.

Post Hoc Analysis
Hemoglobin response was significantly greater in the ferric
carboxymaltose group compared with the placebo group in
all exploratory subgroups (eFigure 2 in the Supplement).
Analysis comparing the effects of ferric carboxymaltose vs
placebo on mean hospital length of stay was not statistically
significant (ferric carboxymaltose group, 10.7 days [SD, 7.9];
placebo group, 10.9 days [SD, 13.8]; difference, 0.2 days
[95% CI, −2.341 to 1.789], P = .79). Analysis of hemoglobin
response in patients who received preoperative oral iron
within 4 weeks before enrollment compared with those who
did not was not statistically significant (2.4% of randomized
patients; 4 of 4 patients in the ferric carboxymaltose group
and 3 of 7 patients in the placebo group; P = .47); therefore,
preoperative oral iron was not associated with measured
end points as a confounder. After adjusting for potentially
significant baseline differences, multivariable analysis
showed that the ferric carboxymaltose group experienced a
significantly greater proportion of hemoglobin responders
compared with the placebo group (OR, 12.08 [95% CI, 6.70
to 21.78]; P < .001) (eTable 5 in Supplement 3). Results of the
linear mixed model were similar to results from analysis of
the primary end point (OR, 10.10 [95% CI 5.73 to 17.81];
P < .001).

Discussion
In this randomized clinical trial of patients with isovolemic
anemia following gastrectomy, a 1-time or 2-time infusion of
either 500 mg or 1000 mg of ferric carboxymaltose com-
pared with placebo significantly increased serum hemoglo-
bin levels in 92.2% patients in the ferric carboxymaltose

Figure 2. Hemoglobin Levels Among Patients Receiving Ferric
Carboxymaltose vs Placebo Over Time
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Table 2. Primary Analysis of Patients With Acute Isovolemic Anemia Following Gastrectomy Receiving Ferric
Carboxymaltose vs Placebo By Week 12

Total Patients in Primary
Analysis, No. (%)
(N = 430)a

Hb Responders, No. (%)b
Absolute
Difference, %
(95% CI)

Ferric Carboxymaltose
(n = 217)

Placebo
(n = 213)

Hb increase of ≥2 g/dL
from baseline, Hb level
of ≥11 g/dL, or both
(primary outcome)

315 (73.3) 200 (92.2) 115 (54.0) 38.20
(33.6-42.8)

Hb increase of ≥2 g/dL from
baseline

277 (64.4) 191 (88.0) 86 (40.4) 47.60
(42.9-52.4)

Hb level of ≥11 g/dL 291 (67.7) 191 (88.0) 100 (46.0) 41.10
(36.4-45.7)

Abbreviation: Hb, hemoglobin.
a No. of patients with an Hb

measurement at 12 weeks.
b Hb responder was defined as a

hemoglobin increase of 2 g/dL or
more from baseline, a hemoglobin
level of 11 g/dL or more, or both at
week 12.
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group vs 54.0% of patients in the placebo group (P = .001).
The results of the secondary end points were consistent with
the primary end point and demonstrated increased hemoglo-
bin and iron levels over time, decreased need for alternative
treatments for anemia. The benefits of this short and easily ad-
ministered therapy were immediate and sustained as mea-
sured through increased hemoglobin and iron levels over
time and a decreased need for alternative treatments for ane-
mia. Overall, there was no clinically significant difference in
QOL at weeks 3 and 12. Post hoc analysis showed improved he-
moglobin response to ferric carboxymaltose in all explor-
atory subgroups.

Treatment with ferric carboxymaltose was also associ-
ated with minimal toxicity and was well tolerated. To date,
more than 3600 patients have been treated with ferric car-
boxymaltose in various clinical trials, and the replenishment
of iron stores with minimal adverse effects has been consis-
tently reported.12,20 In a previous study that evaluated the
safety profile of a pooled database of 5799 patients exposed
to 750 mg of ferric carboxymaltose, only low-grade and tran-
sient adverse events were reported in at least 1% of patients
who were treated.18 Commonly reported adverse events in-
cluded injection-site reactions, nausea, constipation, head-
ache, and diarrhea. Similar to this study, all adverse events
were mild to moderate in severity (grade 1 or 2) with no grade
3 or 4 reactions.

QOL measurements over time showed ferric carboxy-
maltose–related improvements in fatigue and dyspnea but did
not meet the predefined clinically relevant QOL improve-
ment criterion. This may be because the patients were en-
rolled into this study immediately after receiving a major sur-
gery, and there may be confounding factors influencing QOL
that could not be distinguished by the questionnaires.

Limitations
This study has several limitations. First, the results of the sec-
ondary analyses and post hoc subgroup analysis were explor-
atory in nature and should be viewed as hypotheses. Further
studies are needed to confirm these findings. Second, the ef-
fect of ferric carboxymaltose on long-term survival is consid-
ered hypothesis-generating, and there may be hidden com-
plications that have not yet been determined.21 Future studies
should be directed toward analyzing the long-term effects of
ferric carboxymaltose.

Conclusion
Among adults with isovolemic anemia following radical
gastrectomy, the use of ferric carboxymaltose compared with
placebo was more likely to result in improved hemoglobin re-
sponse at 12 weeks.
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